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TITLE: 

Long Lasting Insulin Derivatives And Related Methods 
DESCRIPTION OF THE INVENTION : 

The invention relates to a long lasting insulin derivative. More particularly, the 
insulin derivative comprises an insulin molecule and a reactive group coupled thereto, the 
reactive group being capable to covalently bond a blood component in vivo or ex vivo. 

The insulin molecule may be native human insulin (see the sequence of native 
human insulin below in Formula I) or an analogue thereof such as an insulin molecule 
with amino acid substitution(s), amino acid deletion(s) or amino acid addition(s). The 
following are listed as examples of insulin analogue that can be used in accordance with 
the present invention: insulin glargine called Lantus® of Aventis Pharmaceuticals Inc., 
which has a glycine substituted in position A21 and two residues of arginine added in C- 
terminus of the chain B; insulin detemir called Levemir® of Novo Nordisk A/S, which is 
a native human insulin where threonine in position B30 is deleted and tetradecanoyl is 
added on the lateral chain of lysine B29; insulin lispro called Humalog® of Eli Lilly, 
which is Lys B28, Pro B29 human insulin; insulin aspart called NovoLog® of Novo 
Nordisk A/S, which Asp B28 human insulin; and insulin glulisine called Apidra® of 
Aventis, which is Lys B3, Glu B29 human insulin. 
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The reactive group may be coupled to different functionalities on the insulin 
molecule or analogue thereof. According to preferred embodiments of the invention, the 
reactive group is coupled to an available amino group of the insulin molecule, such as the 
o-amino groups of the N-terminus amino acid of chains A and B, or the €-amino group of 
Lys B29. In accordance with the invention, insulin analogue containing substituted 
and/or added amino acid(s) may contain additional amino group for coupling the reactive 
group; or other functionalities appropriate for coupling the reactive group thereto- 
Preferred reactive groups capable to covalently bond a blood component in vivo or ex 
vivo, are succinimidyl-containing groups and maleimido-containing groups. The more 
preferred reactive group is a maleimido-containing group, and more particularly MPA. 

Optionally, the reactive group is optionally coupled to the insulin molecule via a 
linker. The linker is preferably selected from the group consisting of hydroxyethyl motifs 
such as (2-amino) ethoxy acetic acid (AEA), ethylenediamine (EDA), 
amino ethoxy ethoxy succinimic acid (AEES), 2-[2-(2-amino)ethoxy)] ethoxy acetic acid 
(AEEA), AEEA-AEEA, -NH 2 -(CH 2 )n-COOH where n is an integer from 1 to 20; one or 
more alkyl chains (C1-C10) motifs such as glycine, 3-aminopropionic acid (APA), 8- 
aminooctanoic acid (AO A), 4-aminobenzoic acid (APhA). Examples of combinations of 
linkers include, without limitations, AEEA-EDA, AEEA-AEEA, AEA-AEEA and the 
like. The preferred linker is AOA or the use of no linker with the reactive group MPA. 

The present invention also relates to an insulin conjugate. The conjugate 
comprises an insulin derivative where its reactive group has reacted with a blood 
component in vivo or ex vivo so as to form a covalent bond. Therefore, the conjugate may 
be formed in vivo by the administration of the insulin derivative, or ex vivo by contacting 
the insulin derivative to a blood solution or purified blood components in vitro in 
conditions that allow formation of the covalent bond. Purified blood components can be 
provided by extraction and purification from blood sample or produced by recombinant 
techniques. The preferred blood component is a blood protein, and more preferably, 
serum albumin. 

The present invention further relates to method for treating glycaemic-related 
diseases or disorders, comprising the administration of insulin derivatives or insulin 
conjugates being prepared ex vivo. Of course, glycaemic-related diseases or disorders 
include diabetes of Type I and II, and gestational diabetes. Also, cystic fibrosis, 
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polycystic ovary syndrome, pacrcatilis and other pancreas-related diseases may also be 
trealcd by the administration of insulin derivatives or insulin conjugates of the. present 
invention. Insulin is also known as a growth factor and therefore, the insulin derivatives 
or insulin conjugates of the present invention can be useful in topical administration for 
wound healing and other related indications. 
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While the invention has been described in connection with specific embodiments 
thereof, it will be understood that it is capable of further modifications, and this 
application is intended to cover any variations, uses or adaptations of the invention 
following, in general, the principles of the invention, and including such departures from 
the present description as come within known or customary practice within the art to 
which the invention pertains, and as may be applied to the essential features hereinbefore 
set forth, and as follows in the scope of the appended claims. 
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CLAIMS : 



1 . An insulin derivative comprising an insulin molecule and a reactive group capable 
to covalently bond a blood component in vivo or ex vivo. 

2. The insulin derivative of claim 1 1 wherein the insulin molecule is of formula I: 




the reactive group being coupled to an amino acid of the insulin molecule, said amino 
acid being selected from the ones in positions Al, Bl and B29. 

3. The insulin derivative of claim 1 or 2, wherein the reactive group selected from 
the group consisting of a succinimidyl-containing group and a maleimido-containing 
group. 

4. The insulin derivative of claim 3, wherein the reactive group is a maleimido- 
containing group. 

5. The insulin derivative of claim 4, wherein the reactive group is MPA. 

6. The insulin derivative of any one of claims 1 to 5, wherein the reactive group is 
coupled to an amino acid of the insulin molecule via a linker; the linker being selected 
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from Ihc group consisting of AEEA, AEEA-AEEA, EDA and -NH 2 -(CH 2 )n-COOH where 
n is an integer between 1 and 20, 

7. The insulin derivative of claim 6, wherein the linker is -NHr(CH2) 7 -COOH. 

8. An insulin conjugate comprising an insulin derivative according to any one of 
claims 1 to 7, wherein the reactive group has reacted with a blood component in vivo or 
ex vivo so as to form a covalent bond. 

9. The insulin conjugate of claim 8, wherein the blood component is a blood protein. 

10. The insulin conjugate of claim 9, wherein the blood protein is serum albumin. 

11. A method for treating a glycaemic-related disease or disorder, comprising the 
administration of the insulin derivative according to any one of claims 1 to 7. 

12. A method according to claim, 11, wherein the glycaemic-related disease is 
diabetes of type I or II. 

13. A method for treating a glycaemic-related disease or disorder, comprising the 
administration of the insulin conjugate according to any one of claims 8 to 10, where the 
covalent bond was formed ex vivo. * 

14. A method according to claim 13, wherein the glycaemic-related disease is 
diabetes of type I or EL 

1 5. Use of the derivative defined in any one of claims 1' to 7, for the preparation of a 
% medicament for the treatment of a glycaemic-related disease or disorder. ( 

16. Use according to claim 15, wherein the glycaemic-related disease is diabetes of 
type I or II. 

17. Use of the conjugate defined in any one of claims 8 to 10, for the preparation of a 
medicament for the treatment of a glycaemic-related disease or disorder. 
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18. Use according to claim 17, wherein the glycaemic-related disease is diabetes of 
type I or II. 
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ABSTRACT 

LONG LASTING INSULINN DERIVATIVES AND RELATED METHODS 

The invention relates to a long lasting insulin derivative. More particularly, the insulin 
derivative comprises an insulin molecule and a reactive group coupled thereto, the reactive group 
being capable to covalently bond a blood component in vivo or ex vivo. 
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